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Splice consolidation: why?

The splice

busbar from left s.c. cables flat copper profile busbar from right com ponents
| \

e

X-rays of splices,

bad contact between U-shaped copper bad Eomact between
busbar and profile S.C. cables 1
interconnection copper (~220 nC2, see text) presentlng bad

contacts

S High
Luminosity
LHC

L. Rossi @ MAP CM 28 May 2014




Wor ahead of uis (2 years ago)

1695 Openings and Complete reconstrs Cornsolidation of the hstallation of 5000 00 000 slectrical N70 ol welding
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Other works : R2E

* Point1
* All equipment are reinstalled and reconnected

* Commissioning in progress

* Point5 & Point 7
* Major cabling campaign in progress

SUS S—

- -
UL55 safe-room

L.

emgh ai:r;Eable installation @ P5
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And many others

18 kV & 3.3 kV c:rcwt breakers

LBDS Kickers
Vacuum P7 enclosure Lift

Survey GSts ermosmte Tappings

Lossins = o intenancet

Coolmg towers __ Access

clinss Consolidation , fysis
Optical-fibbers

Instrumentation Upgrade

RF module
replacement
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Key points

* We are on time for restarting Physics in LHC

* In April 2015

e Start at 50 ns, then 25 ns as son possible (test
of scrubbing to reduce e-clouds)

* Chamonix Workshop on 22-25 September

High .
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L = —F
A p ¢
Nocon | €* # Coll. pairs | B-B Sep Full Xing Loeak Max. Avg. Peak-pile-up
[101] | [um] IP1,5 [o] angle [1034 cm2s1] density/Pile-up
[urad] [ev./mm]/[ev./xing]
BCMS 1.24 1.65 2592 12 295 2.1 0.46/45
Standard 1.24 2.0 2736 12 320 1.8 0.46/45
Ly Opt. Fill length
[1034 cm2s1] [h]
BCMS 1.5 2.9 8
Standard 1.6 1.7 8.1

* Limited by:
* Inner triplet heat due to collisions debris (1.7 x 103*cm2 s+ 20%)

e Pile-up (here assumed to be 45 events/crossing)
 =» Will need levelling
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New LHC / HL-LHC Plan

LHC
LS1 EYETS 14 TeV LS3
13-14 TeV —
injector upgrade
splice consolidation SPS cryogenics Point 4
8 TeV button collimators dispersion
R2E project &E

suppression
collimation

S5to7x
nominal
cryolimit ] . . - ;
intéraction HL-LHC installation luminosity
regions |—

2012 2013 2014 2015 2016 2019 2021 2022 2024 2025 III m

radiation
damage >
2 x nominal lumin
nominal nominal luminosity experiment upgrade |F——"
luminosity 75% i experiment beam pipes / phrase 1 - lmem upgrac\nase 2

1.5 1034 cm2s!

0.75 1034 cm2s1

1.7-2.2 103* cm2s?
25 ns bunch

Technical limits
50 ns bunch

high pile up ~40

25 ns bunch
pile up ~40

(experiments,
too) like :

pile up ~60
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Mantain and increase physics reach
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“Goal of High Luminosity LHC (HL-LHC) as
fixed in November 2010

The main objective of HiLumi LHC Design Study is to determine a
hardware configuration and a set of beam parameters that will allow the
LHC to reach the following targets:

A peak luminosity of 5x103% cm=2s! with levelling, allowing:

An integrated luminosity of 250 fb! per year, enabling the
goal of 3000 fb-! twelve years after the upgrade.

This luminosity is more than ten times the luminosity reach
of the first 10 years of the LHC lifetime.

L. Rossi @ MAP CM 28 May 2014
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This goal would be reached in 2036

® Peak luminosity Integrated luminosity
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Technical bottlenecks
Cryogenics P4
Pt 5

o

1'800 SC magnets

Never good to couple RF

with Magnets ! 24 km and 20 kW @ 1.9 K

Reduction of availabe cryo-

power and coupling of the 36'000 tons @ 19K

RF wiht the Arc (thermal

5
cycle requires > 2 months - 96 tons of He
T

and many tests)

T

High ; # )
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Triplet and MS connection to main arc

The cryoline is continous between the Continuous cryostat (Regular lattice Arc and DS
Arc) and the MS-IT zones. This connections have consequences:

- Makes a limitation in cryopower since the IT zone will increase the power deposited
with the lumi increase

Arstop in the MS or IT zone would entail a thermal cycle on the entire Sector

L. Rossi @ MAP CM 28 May 2014 14



Cryogenic load: sector 4

B Physics (L max) B Beam scrubbing @ 7 TeV I Beam scrubbing @ 0.45 TeV
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All existing margins already «used» at around 2 1034
(like cryostat consumption 30% less than design)
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IT cryoplants and new LSS QRL

LHC PROJECT

rrar

UNDERGROUND WORKS
Poimnt 5

-{ Availability: separation New Inner Triplets
| (and IPM in MS) from the arc cryogenics.

Keeping redundancy for nearby arc
cryoplant

Redundancy with nearby Detector SC
Magnets cryoplant

L. Rossi @ AP CM 28 May 2(
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Displacing EPC and DFB in the adjacent TDZ
tunnel (~ 500 m away) via SC links

45K

Q4
Q11, Q10..Q7

<{pe IP7

.‘(- 3 -
w‘,

&

!te‘l¢°/

Two links each about 500 m long
48 cables rated at 600 A per link

L. Rossi @ MAP CM 28 May 2014 . —
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f Availability: SC links =removal of
EPCs, DFBs from tunnel to surface

4 pairs 300 m 150 kA (IR) — LS3
tens of 6-18 kA CLs pairs in HTS

UXCS S

USCS 3

Ouvrages LHC  uso/ © <
& CMS
S G MAP CM 28 May 2014 18
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QPS boxes and intervention time
Dump Cause | 7

Beam: Losses 8 s -.I..AII..E-.Iogbook.Fa.ul.ts ....................... 15
Quench Protection 56 e '.'ﬁ"ﬁf'_".'gﬁ"'_f'."_ﬁf'ﬁfgf'f -'!"Fa”'ts;with'P‘f're”t'“;'M'EJDF'FVE”'t 15
Power Converter 35 N Seriae B T e
Electrical Supply 26

RF + Damper 2

Feedback 19

FREADACK [+ - iss st e 10
ATLASED - Total Fault Duration = 26.63 % - 11

BLM 18

Vacuum 17

oy . Total Fault Duration = 66.9 days 15
. . Fault from Tl Major Events= 8.2 days

Beam: Losses (UFO) | 15

Cryogenics 14

Controls
Collimation 12

BLM
Access

FSB No Beam
Beam Dump

Collimation
EM-EL
Vacuum

PS No Beam
Injection
Power Converters it
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150 200 250
Fault Down Time (hrs)

300 350

Consolidation of infrastructure !
But also new paradigma: remove from
tunnel of QPS (as much as possible)
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R2E improvement.
Need further for 1-3 fb-'/day!

70

~400 hours Runl T
Downtime
60
===Run 2012
3
5 % —pfter LS1
a (Target)
O
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M. Brugger
L)
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eg;ﬁnch y Annual Cummulated Luminosity

uminosit
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The big technical bottleneck:
Radiation damage to triplet

peak dose longitudinal profile Cold bore
' ' ' ' insulation

# 747 TeV proton interactions = 35 MGy
IT quadrupoles

% MCBX-1 +—+ |

f MCBX-2

f MQSX

s MCTX nested in MCBX-3 —+—
i MCSOX —+

Hrrer
e

35 40 45 50 55
emgh,m distance from IP [m)]

L. Rossi @ MAP CM 28 May 2014 —
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The most straight forward action:
reducing beam size with a «local» action

(50%,507y,507) exvelope for €,=5.02646 x 101, €,=5.02646 x 107", o, =0.000111

LHC has better aperture
than anticipated: now all
margin can be used;
however is not possible to
have * <40 cm

Smaller B* = larger IT aperture

L. Rossi @ MAP CM 28 May 2014
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Parameters (PLC web page)

Parameter

:: | = yfrev np sz R
Niot 471'8“3*

beam current [A]

x-ing angle [prad]

beam separation [o]

B" [m]

&n [um]

€. [eVs]

energy spread

bunch length [m]

IBS horizontal [h]

IBS longitudinal [h]

Piwinski parameter

Reduction factor 'R1*H1‘ at full crossing angle (no crabbing)
Reduction factor ‘HO* at zero crossing angle
beam-beam / IP without Crab Cavity

beam-beam / IP with Crab cavity

Peak Luminosity without levelling [cm™ 5]
Virtual Luminosity: Lpeak*HO/R1/H1 [cm™s™]
Events / crossing without levelling

Levelled Luminosity [cm™ 5]

Events / crossing (with leveling for HL-LHC)
Leveling time [h] (assuming no emittance growth)

- T ——

L. Rossi @ MAP CM 28 May 2014

nominal

1.15E+11
2808
3.2E+14
0.58

300

9.9

0.55
3.75
2.51
1.20E-04
7.50E-02
80 -> 106
61 ->60
0.68
0.828
0.991
3.1E-03
3.8E-03
1.0E+34
1.2E+34
19 -> 28

*19 -> 28

25ns
2.2E+11
2808
6.2E+14

590
12.5

2.50
2.51
1.20E-04
7.50E-02
18.5
20.4
3.12
0.306
0.905
3.3E-03
1.1E-02
7.4E+34
21.9E+34
210
5E+34

9.0

50ns
3.5E+11
1404
4.9E+14
0.89
590
11.4
0.15
3
2.51
1.20E-04
7.50E-02
17.2
16.1
2.85
0.333
0.905
4.7E-03
1.4E-02
8.5E+34
23.1E+34
475
2.50E+34
140
18.3




The critical zone around IP1 and IP5

- - - -

»
Jan Q10

2. Deep change alsds_ 1. Deep change in the |

3. For collimation we matchingsection: ~ *\_ and interface to detectors;

need to change also this  Magnets, collimators \\ relocation of Power Supply
part, DS in the and CC

continuous cryostat

LR BB
compensation
wires

1.2 km of LHC !!

High
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Magnet the progress

* LHC dipoles features 8.3 T in

56 mm (designed for 9.3
peak field)

LHC IT Quads features 205
T/m in 70 mm with 8 T peak
field

H HL-LHC
e HL-LHC 12 o
10 Nh:ﬁn — —"“'
* 11 T dipole (designed for 12.3T | | T  elLHC
S (N SSC
peak field, 60 mm) 6 HERA o= -
Tevatron P
. Y oy RHIC
* New IT Quads features 140 T/m
- . 2 1 %ps & Main Ring (resistive)
in 150 mm > 12 T|operational 0 | | | | | | | | |
. . 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
- field, designed for 13.5T).
B Luminosity

* LHC

e ———— L. Rossi @ MAP CM 28 May 2014 26
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New Interaction Region lay out

Longer Quads; Shorter D1 (thanks to SC)

Ql Q2a Q2b Q3 DFB D1
[ i | Hll 1010 1] [ 11 11 11 1] H | LHC
l Tl l 1[I Ui I Il Il Il i
X X pee Q: 200 T/m
8 8 8 MCBX:3.3T 15Tm
S S S D1:18T 26Tm

20 30 40 50 60 70 80

Q1 Q2a Q2b Q3 CP DI SM
[40 ][ 40] B} 68 ||| 68 }E} [Fa0][407] QMI |_'|6,7. HL LHC
g . D | mosx21T 2545Tm
LEJ L§> g D1:52T 35Tm
T P A

distance to IP (m)

Thick boxes are magnetic lengths -- Thin boxes are cryostats

High
Luminosity
LHC

L. Rossi @ MAP CM 28 May 2014
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LHC low-B quads: steps in magnet
technology from LHC toward HL-LHC

3= Fermilab 9"

and keys (LBNL,

LARP
LHC (USA & JP, 5-6 m) o m ‘ LARP TQS & LQ (4m)
@70 mm, Bpeai~ 8T : . ‘ ‘ : ﬁ @90 mm, Boear~ 11T
1992-2005 S W 2004-2010
New structure
S / based on bladders

O

LARP & CERN
MQXF
3150 mm,

LARP HQ
120 mm,
Bpeak~ 12T
2008-2014

LARP L. Rossi
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Test HQ02 (120 mm) — G. Sabbi
19000

1.9K55L 18.25 kA 205 T/m

s MQXF

214

17000 _.""'.--"-.ﬂ"u‘_,,--“.'-’_“.“"1. 192

< Y

F et IT d

f e .. (IT quads
- N el W el * b

E _.--‘_’____ ___’*_____*_..-.-‘ S F y 3 A i & A (%) =

S 15000 EFRETTAC . 6 2

E 2 [Femmmmmmmmmmemmesmsee s ————- e w

5 B0% of 1.9K 55L P * & E

ar 14000 158 @

PSR e

R
13000 80% of 4.5K 55L --#-- HQO2b (1.9K) 147
—k—-HQ02a2 (2.2K) (*) 15 more quenches to 16.1 kA
~-#+--HQ02a (4.5K) 135
--#--HQ02a (1.9K) (%) Reached 15 kA current limit

11000 = 124

1 2 3 4 3 b 7 8 9 0 11 12 13 14 15

Quench #

CERN short coil
with Cu cable

—_—




The Achromatic Telescopic Squeezing (ATS) scheme

Small B* is limited by aperture but not only: optics matching & flexibility (round

and flat optics), chromatic effects (not only Q’), spurious dispersion from X-angle,..

A novel optics scheme was developed to reach un-precedent B~ w/o chromatic
limit based on a kind of generalized squeeze involving 50% of the ring m

iplbl:beta* _x/v=0.400/0.400 iplbl:beta*_x/y=0.100/0.100

4.0 e 4.0 —
ikl B*=40cm | il B*=10cm |
3.0 - : 3.0 -
2.5 - 2.5
2.0 | 2.0 - m
1.5 1 4 15
1.0 ]
Lo Y VA e
) Wil s et chaod e 8 M i it :
0.0 2000 4000 6000 8000.

& Thenew IRissort of 8 kmlong ! —>

- Beam sizes [mm] @ 7 TeV from IR8 to IR2 for typical ATS
etn"e““”‘“' “pre-squeezed” optics (left) and “telescopic” collision optics (right)

e —————— L. Rossi @ AP CM 28 May 2014 30



The Achromatic Telescopic Squeezing (ATS) scheme
(2/2)
— Proof of principle demonstrated in the LHC

down to a * of 10-15 cm at IP1 and IP5
|

4.0 ipfb!:be:a*_@:”.?f”.ﬂ .

@‘ CERN-ATS-Note-2013-4004 MD Sigx lrigy
~— January 2013 3. 5 _

stephane. fartoukhBcern.ch

The 10 cm beta® ATS MD 3.0 -
S. Fartoukh, V. Kain, Y. Levinsen, E. Mackean, R. de Maria, T. Person, M. Pojer, 25
L. Ponce. S. Redaclli, P. Skowronski. M. Solfaroli, R. Tomas, J. Wenninger b T
Keyworde LHC optics, Achromatic Telescopic Squocring Schenw

2.0 - 1
Summary
This oot reports on (he ressits obtained during e last so-calied ATS MD which sook place in July 2012, !'5 i 1
wod where & of reaty 10 cm was reached at 1P and 1PS sasg 8e Achromatic Telescopic Squeczing
schomoe.

1.0 1

I Introduction

The Achromatic Telescopic Squeezing (ATS) scheme 15 a movel concept enabling the matching of

ubtra-bow 7 while comecting the cheomatic aberrations induced by the inmer triphet {1, 2] This

scheme is essentially based on & two-stage telescopic squecse. First o so-called pre-squesre s
r mv olishabn e esed tha matohins b "o

wckhlanad b sain. adminnbar of tha hiah buminocin iacamion
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Effect of the crab cavities

* RF crab cavity deflects head and tail in opposite direction so that collision is
effectively “head on” and then luminosity is maximized

* Crab cavity maximizes the lumi and can be used also for luminosity levelling: if the
lumi is too high, initially you don’t use it, so lumi is reduced by the geometrical
factor. Then they are slowly turned on to compensate the proton burning

@High
Luminosity
LHC
L. Rossi B —— —
32
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Crab Cavity, for p-beam rotation

at 10 fs level!

HWDR. JLAB.OD HWSR, SLAC-LARP DR, UK, TechX Kota, KEK
radis
Compact cav -

1000

Compact Crab Canaty target

f
eHigh. , 200 400 600 800 1000 MHz

ttlfl% ||||| ty
e ——————eee————

- . Rossi @ AP CM 28 May 2014 33




And excellent results: RF dipole >5 M

% w and 4-rods also tested (1.5 MV)
cleaning & vacuum issues: new test under way

1.0E+10 - ﬂ gk
LARP
fooe cocorireme ""}*ﬁ“f oney . RF-Dipele Nb prototype
2 Kresult | ! *??." ¥ l e —
i i <%k B
[ J ' !
S10E409 - Peeg, | |
..'o. : :
4.2 K result Sels s |
i °o~ i Quench '
| j { Initial goal was 3.5 MV
| |
JP Delahayen ’ i ! { 5-6 MV may be at hand
| |
1.0E+08 1 I
I [ — e s
0 5 1 10 1 15 i
0.0 r 20 45 Wl We started downselection,
0 2 40 "B 2 out of 3 design kept for test
G?i%‘;‘”"S“Y 0 28 56 84 112 140 B, (MT)

L. Rossi @ MAP CM 28 May 2014 34



Crab Cavities for fast beam rotation

LHC PROJECT nep 0 UNDERGROUND WORKS

Point 5

Radiation ki a I-l-l-hLI E.]

-

Tetrode fmpfifters ——= 1 & o

S5Ad

e Y Pl e

Present baseline: 3 cavity /cyomodule

7 - 4 cavity/cryomod is under study for Crab Kissing
q oria TEST in SPS under preparation (A. MacPherson)

L. Rossi @ AP CM 28 May 2014
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Latest cavity designs
toward accelerator

Coupler concepts

RF Dipole: Waveguide or
waveguide-coax couplers

HOM
Double Y-wave:
Coaxial couplers with
hook-type antenna

| | E. Jensen (CERN)
4-rod: Coaxial couplers Wil G. Burt (U.Lancaster, CI
different antenna types R. Calaga (CERN, former LARP)
e A. Ratti (LBNL, LARP)

L. Rossi @ MAP CM 28 May 2014 36
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P2 - DS colllmators ions—11T (LSZ -2018)

LHC PROJECT

| w

VB B1IRT

Recommended by the

Collimation Review _
= 11 TNbSn /& }

mEmms EEEE SN I EF

m | ar Pout 2
A \ "_L >nn1.'” “
= 6,18 m (Lcy) 6,18 m (L¢y)
€ > S >
ALICE a8 = 0 5,3m (Leag) 2,27 m (collimator) 9.3 m (Lgg)
8 » = Ty, -
=

@ o= A. Zlobin (FNAL)
ATLAS :
~ M . Karppinen (CERN) =
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Low impedence collimators(LS2 & LS3)

LHC PROJECT o g

Point 4

UNDERGROUND WORKS

Poimnt 5

Laer

e

. ~
B
/ H VA

Point 3.3

S. Redaelli
A. Bertarelli




SCRF 800 IVIHz harmonic: under study

PR
"

-

-

LHC PROJECT UNDERGROUND WORKS

"'\—'~~.

Point

-like - f ..=1032 MHzJ"‘

res

TE111

200 MHz system too recent
to discuss integration

5
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Halo control (hollow e-lens)

LHC PROJECT

\ |
C

Point 4
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: UNDERGROUND WORKS
Point 5
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Controlling diffusion rate: hollow e-lens

Shower
absorbers

Primary
collimator

SC"E.'L-‘.'iE.'E-i.'_!r’

colfimators

Hollow
e-len

L J

protons &

Secondary beam halo —
+ hadronic showers / frF
= )
Circulating b Cleaning insertion e
1010
5 5
0 0
2 2 5
Promises of hollow e-lens: > 10
1. Control the halo dynamics without affecting the beam core; »
P. Control the time-profile of beam losses (avoid loss spikes); 08
3. Control the steady halo population (crucial in case of CC fast 5
failures). %0
Remarks:
- very convincing experimental experience in other machines! Y (mm) X (mm)
- full potential can be exploited if appropriate halo monitoring is j (au)
available. .
S. Redaelli
WKNW

L. Rossi @ MAP CM 28 May 2014
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The Crab-kissing (CK) scheme for pile-up density
shaping and leveling (S. Fartoukh)

Crab-kissing & variants:
CCalsoin | |-plane

gy~ - @, (w1) normaised rotation angle for 82

Baseline: CC in X-plane “only”

3, Do) normalived rotation angle for 81
x1

(]
%« 8, Ju2) normalived rocation angle tor B2
L

Lt
- - il n
iR <EEE
=

7

i, 98, 07 nonmadiped rotation anghe tor B

3
i,y —ih,; =2 &, ; full normaliced K-angle
walth o, s = 0

ity &) :[y-2] noemalized angle for B1 iy 20 :(y-2) normalized angle hob B2

» ¥l
T TH [T 1T i
e e : P 3 ,
i - A —

il

-1 -0l
... Work on-going together with the machine experiments
+ (S. Fartoukh, A. Valishey, A. Ball, B. Di Girolamo, et al.)

z [m]

@i
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Collaboration: the long way

The HL-LHC
project formally
started in 2010;
however it is the

focal point of 20
years of
converging
International
Collaboration
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In-kind contribution and Collaboration for
HW design and prototypes

Q1-Q3 : R&D, Design, Prototypes
and in-kind USA

D1 : R&D, Design, Prototypes
and in-kind JP

MCBX : Design and Prototype ES
HO Correctors: Design and

n Prototypes IT

q CC : R&D, Design and in-kind USA Q4 : Design and Prototype FR
7 L. Rossi @ MAP CM 28 May 2014 45 |
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In-kind contribution and Collaboration for
HW design and prototypes

Q1-Q3 : R&D, Design, Prototypes
and in-kind USA

D1 : R&D, Design, Prototypes
and in-kind JP

MCBX : Design and Prototype ES
HO Correctors: Design and

L Prototypes IT

q CC : R&D, Design and in-kind USA | CC : R&D and Design UK | Q4 : Design and Prototype FR
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Implementation plan

DESIGN STUDY Assess Eunhead)
PDR preparation TDR Construction Installation
2011 2013 2015 2017 2022-23

\—/

All WP active, from diagnostics to Machine Protection;

Integration started with vigour as well as QA (workshop soon)

Cryo, SC links, Collimators, Diagnostics, etc. starts in LS2 (2018)

Proof of main hardware by 2016; Prototypes by 2017

Start construction 2017/18 from IT, CC, other main hardware
IT String test (integration) in 2019-20; Main Installation 2022-23
Though but — based on LHC experience — feasible

Cost: 810 MCHF (Material, CERN accounting)

L. Rossi @ MAP CM 28 May 2014
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2025 is tomorrow: what we can do for
after 20257 Look at LHC timeline

agnet construction,
performance test,

Installation,
LHC start

R&D for 8-10 T: 13 kA cables,
short models, 10 m long

inal design,
industrialization

Twin Dipoles

Hell cooling prototypes, 1% string test tart pre-series_/~tunnel preparation
1985 8T
Magnet designs
at first LHC Final dipole
workshop, 1984 : = .
O Oumd . First LHC dipole cross section First energy record in
the proton beam,

M% = prototype on the test frozen 1999)_ -
testge 4 bench (June1994) y

Y 4\/'”/ o
PP 144

" ity
L) Iy maialy o.y L
| s

December 2009

Assembly of 15
m long coils in
industry, 2003

“:’b M;’h Modecary
Hodeode Modorsh "y
3. E 8.E gt

Synopais of hadron collider options for the LEP tw

High Continuous magnet line installed
et;@i”‘”‘w in the 27 km LHC tunnel, 2006
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The super-exploitation of the CERN complex:

Injectors, LEP/LHC tunnel, infrastructures

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

M3 Construct.  Physics | Upgr

LHC BESEGEGED) - Construct. Physics

HL-LHC Design, R&D Construct. Physics

HE-LHC
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&0
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W uic

Design, R&D - Construct. Physics
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First studies on a new 80 km
tunnel in the Geneva area

HE-LHC :33 TeV
with 20T magnets

» 42 TeV with 8.3 T using prese
LHC dipoles

"80TeV with16T based
on Nb;Sn dipoles

=100 TeV with 20 T based
on HTS dipoles

‘.“".‘ High
Luminosity
¥ LHC

L. Rossi @ MAP CM 28 May 2014
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The main (but not unique) R&D

2035

Dipole Field for Hadron Collider
20
HE-LHC
18 ) a
16 HTS ""_,-'
5 14 HL-LHC
3 1’ Nb,Sn P
*= 10 ——
0 P
g 8 Nb-Ti e LtiC
S 6 Tevatron "_‘,‘-
4 ’},.-— HERA RHIC
2 e
0 SPS & Main Ring (resistive)
1975 1985 1995 2005 2015 2025
Year

High
Luminosity
LHC
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Looking at
performance
offered by
practical SC,
considering
tunnel size and
basic engineering

(forces, stresses,
energy) the
practical limits is
around 20 T. Such
a challenge is
similartoa 40T
solenoid (u-C)
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